the leading cause of mortality attributed to GI-tract involvement. Acute GI complications such as mechanical or pseudoobstruction can be life-threatening in the context of other organ-based involvement, especially cardio-respiratory disease. Treatment of GI-tract involvement is meant to lessen symptoms, prevent local complications, and maintain adequate nutrition (see Tab. I for common medications used to treat GI manifestations of gastroesophageal reflux disease (GERD)). Additionally, GI-tract involvement is associated with depressed mood and lower quality of life, so a comprehensive treatment plan should also take this into account (4, 5).
Pathogenesis
SSc is a multisystem disease with shared pathobiological mechanisms that center on microvascular damage, structural vasculopathy with adventitial and intimal fibrosis and proliferative change and increase in interstitial extracellular matrix (6) . In addition, there can be significant epithelial pathology that is especially relevant to the function and architecture of the GI tract. The innate and adaptive immune systems undoubtedly play a role in the development and progression of SSc in the skin and lung, but the precise contribution of immunopathology in the GI tract is less clear. However, some reports suggest benefit from immunomodulatory strategies for GI manifestations including gastric antral vascular ectasia (GAVE) (7) , and also histological examination has highlighted the presence of markers of immune activation and immuno-inflammation with lymphocytic infiltrates (8) . Clinical benefit from long-term intravenous immunoglobulin (IVIG) in some cases of GI SSc, especially those with overlap myositis, also points toward immunopathogenesis (9) . Animal models have begun to shed light on the pathogenesis of GI scleroderma and confirm that many of the structural or motility abnormalities may be the result of fibroblast dysfunction associated with DOI: 10.5301/jsrd.5000214
Introduction
Systemic sclerosis (SSc) is a multisystem autoimmune disorder characterized by immune activation, vasculopathy, and abnormal collagen deposition in the skin and various internal organs. The gastrointestinal (GI) tract is involved in sine, limited cutaneous (lc) and diffuse cutaneous (dc) forms of the disease. In fact, the GI tract is one of the most commonly affected internal organ systems, involved in approximately 90% of patients with SSc (1-3). GI-tract involvement is manifested primarily as dysmotility, although mucosal vascular malformations are also seen. The pathogenesis of dysmotility is related to a progression of myopathy, neuropathy and fibrosis leading to abnormalities in compliance and contractility of the GI tract wall. Any segment of the GI tract from the mouth to the anus may be affected although the esophagus and anorectum are most frequently involved. GI-tract involvement is associated with a variety of morbid symptoms including dysphagia, heartburn, distention, bloating, abdominal pain, nausea, vomiting, diarrhea, constipation and fecal incontinence. Local complications can develop as a result of dysmotility including reflux esophagitis, small intestinal bacterial overgrowth and, rarely, megacolon. For a variety of reasons, malnutrition can develop, and this is over-activity of TGFbeta and related fibrogenic pathways (10) . Finally, since the clinical impact of SSc centers on motility disturbance and SSc is associated with other features of autonomic dysfunction such as Raynaud's phenomenon, it is plausible that intestinal neuropathology plays a part in pathogenesis and may occur as a primary event or secondary to vasculopathy and fibrosis as outlined above. Altered neural function appears to correlate with symptoms of lower bowel disease, especially anorectal incontinence (11) .
Esophagus

Esophageal dysmotility
Esophageal dysmotility in SSc is characterized by decreased amplitude of esophageal peristalsis and decreased lower esophageal sphincter (LES) pressure ( Fig. 1 ). Patients typically report difficulty swallowing solids and liquids, and they may also complain of a sensation of something stuck in the throat, heartburn, reflux, chest discomfort or pain with swallowing.
Esophageal involvement is very common in SSc. In an autopsy case series of greater than 50 SSc patients published in 1969, atrophy or fibrosis was detected in the esophagus in 74% (12) . When all cases of SSc seen at the Cleveland Clinic between 1952 and 1969 were reviewed, abnormalities were noted in 53% of the 233 patients who underwent barium esophagram (13) . Only 3.2% had esophageal stricture on esophagram, and all of these cases also had esophagitis on endoscopy. While the vast majority of patients in this series with dysphagia had abnormal esophagrams, 25% of patients without esophageal symptoms also had abnormal studies. Prospective studies have reported abnormalities on esophageal manometry in about 70%-75% of SSc patients (14) (15) (16) .
Clinicians should have a high degree of suspicion for esophageal dysmotility due to the high prevalence of this condition in SSc. Upper endoscopy is the appropriate initial test to evaluate dysphagia, able to identify evidence of gastroesophageal reflux, other structural lesions, and various forms of esophagitis. The confirmatory test for esophageal dysmotility due to SSc is esophageal manometry that demonstrates diminished or absent peristalsis of the distal two-thirds of the esophagus along with a hypotensive lower esophageal sphincter ( Fig. 1) . A barium esophagram is a relatively low-risk test that is complementary to manometry and endoscopy in the identification of dysmotility and structural lesions, respectively, and it may also demonstrate reflux.
In general, the treatment of esophageal dysmotility is supportive, and patients are advised to take small bites, cut/ chew food well, avoid dry or fibrous foods and take plenty of water with solid foods. Promotility agents are not particularly effective in this case, so they are not recommended for esophageal dysmotility. While cisapride did increase LES pressure and the frequency of gastric contractions compared to placebo in a randomized, double-blinded, placebo-controlled, cross-over trial involving 20 patients (17), another small, randomized, double-blinded study, showed that cisapride compared to placebo was not effective in enhancing esophageal motility (18) . Baclofen, a drug that reduces the incidence of transient LES relaxation, was shown to improve GERD in the short term in the general population according to a recent meta-analysis (19) , but there are no published reports in SSc patients, and in the context of a pathologically hypotensive LES, may not be helpful.
Complications related to esophageal dysmotility generally are attributed to gastroesophageal reflux as detailed below. There is a risk of aspiration with severe dysmotility and stasis of food and liquid in the esophagus. 
Gastroesophageal reflux disease
Gastroesophageal reflux disease (GERD) refers to symptoms or complications related to the retrograde movement of acid and contents from the stomach into the esophagus. This is very common in SSc due to hypotensive LES, dysmotility of stomach and small intestine, and poor clearance of refluxed material due to esophageal dysmotility. Patients may complain of classic heartburn and reflux, and they may also report dysphagia, odynophagia, laryngitis, chronic cough, hoarseness, or asthma.
In a study of 90 patients from the German network for Systemic Sclerosis, about 70% reported heartburn during 1 year of follow-up (3) . In another study of more than 40 SSc patients, esophageal symptoms were present in 70%, abnormal reflux on 24-hour pH probe test was measured in 80%, and reflux esophagitis on endoscopy was seen in 33% of patients (14) .
In patients who complain only of heartburn or reflux without red flag symptoms, GERD can be diagnosed and treated empirically. Upper endoscopy is routinely employed to evaluate red flag symptoms or refractory GERD or to evaluate for alternative diagnoses. As noted above, ambulatory 24-hour pH probe test with or without impedance testing can clearly demonstrate gastroesophageal acid or non-acid reflux if present but this test is only required in resistant cases.
A systematic review from 2006 described the treatment of GERD in SSc patients with proton-pump inhibitor (PPI) in 9 studies that each contained between 3 and 25 patients (20) . Most studies were of relatively short duration, and PPI benefit was uniformly noted, although the rate of success dropped off in longer-term studies. In a small, randomized, doubleblinded, placebo-controlled study, lansoprazole 30 mg daily compared to placebo improved self-reported GI symptoms at 6 months, but the effect was lost by 12 months, and there was no difference in esophageal dysmotility (21) . Promotility agents can be tried in addition to PPI in refractory cases, where the promotility agent presumably improves gastric emptying and may improve LES pressure or esophageal motility. In SSc patients partially responsive to twice daily omeprazole, the addition of domperidone or algycon was tested in a randomized, placebo-controlled trial with nearly 80 patients. Both medications led to improvements, and there was no difference in terms of the benefit provided by domperidone or algycon (22) .
PPIs are the cornerstone for management of GERD in SSc. Retrospective analyses of large claims databases or single-center analyses have suggested a relationship between long-term PPI use and pneumonia (23) , Clostridium difficile infection (24), cardiovascular events in those taking clopidogrel (25) , osteoporosis (26) , chronic kidney disease (27) , and dementia (28) . While these studies may support an effect in a large population, the effect on the individual level is unknown and no information is provided about SSc. The risks of unopposed acid reflux in SSc patients must be weighed also, such as heartburn, dysphagia, esophageal stricture and esophageal adenocarcinoma.
Complications of GERD are related primarily to inflammation, including esophagitis ( Fig. 2 ) and esophageal stricture, and to dysplasia, including Barrett's esophagus and esophageal adenocarcinoma. Medical therapies are meant to limit acidinduced injury and prevent complications. Endoscopic dilation can be used to treat strictures. Barrett's esophagus is monitored with endoscopy and biopsies in the earlier stages, and evolving endoscopic ablative and resection techniques mean the majority of dysplastic cases can be treated endoscopically. Also, some have noted a link between GERD and interstitial lung disease, possibly due to recurrent aspiration, and advocated for early and aggressive therapy for GERD, although a causal relationship has not been established (29) (30) (31) (32) (33) .
Stomach
Gastroparesis
The most common form of gastric dysmotility encountered is gastroparesis, or delayed gastric emptying. Poor gastric accommodation and irregular gastric contractions, or dysrhythmias, are also reported. The symptoms of gastroparesis include early satiety, postprandial fullness, bloating, distention, abdominal pain, nausea and vomiting. Gastric dysrhythmias as measured by surface electrogastrography were positively correlated with the presence of patient-reported upper GI symptoms, including nausea, bloating and pain (34) .
Gastroparesis was reported in 38%-50% of SSc patients in two small studies (16, 35) , and impairment of gastric myoelectric activity measured by electrogastrography was found in about 80% (35) .
In patients with symptoms compatible with gastroparesis, upper endoscopy is used to rule out gastric outlet obstruction and alternative diagnoses, such as Helicobacter pylori infection. Other potential causes of delayed gastric emptying such as narcotic use or diabetes should be considered. Gastroparesis can be identified with a scintigraphic gastric emptying test, with some centers with expertise using other techniques such as ultrasound. Electrogastrography to measure myoelectric activity is not routinely used.
Dietary modifications and prokinetic agents are typical first-line therapies for gastroparesis. Diet modifications include eating smaller meals more frequently, not eating for several hours before lying down, and avoiding high fiber and high fat foods. The three agents most commonly employed can improve symptoms in the short term, but each has drawbacks as metoclopramide has a black box warning for tardive dyskinesia, domperidone is not approved for use in the USA and has limited availability in the UK and has several significant side effects, and erythromycin is subject to tachyphylaxis that limits long-term use. In a small randomized, doubleblinded, placebo-controlled trial, gastric emptying time was significantly reduced with administration of ghrelin compared to saline (36) . Ghrelin is a natural ligand of the motilin family and still an investigational therapy. While cisapride improved gastric emptying and GI symptoms, but not esophageal motility, in a small study of SSc patients (37), it is not available due to cardiac toxicity.
Complications due to gastroparesis can arise due to severe symptoms. In the short term, intractable nausea and vomiting can lead to dehydration and electrolyte abnormalities requiring hospitalization. In the long term, a small intestinal feeding tube and a gastric decompression tube can be considered, but this option is more challenging in SSc where downstream dysmotility may limit tolerance of enteral feeding.
Gastric antral vascular ectasia
Gastric antral vascular ectasia (GAVE), also referred to as watermelon stomach based on its characteristic appearance, is a condition of arteriovenous malformations in the mucosa of that gastric antrum. These lesions can bleed and result in iron-deficiency anemia or overt GI bleeding. Punctate arteriovenous malformations can also occur elsewhere in the intestinal tract.
In 50 patients with SSc, video capsule endoscopy found GAVE in 35%, gastrointestinal telangiectasia in 27%, and gastrointestinal angiodysplasia in 39% of patients (38) . In contrast, a case-control study using a European database estimated the prevalence of GAVE in SSc at only 1% (39) . While most forms of GI involvement in SSc are evenly distributed between disease types, vascular mucosal lesions were significantly associated with lcSSc, digital ulcers, higher score of nailfold videocapillaroscopy, and anti-centromere antibody (38) .
Upper endoscopy by experienced gastroenterologists should be pursued in SSc patients with unexplained irondeficiency anemia or melena to evaluate for GAVE as mild cases may be frequently missed.
Treatment of GAVE relies on endoscopic techniques, most commonly argon plasma coagulation, to destroy the abnormal tissue ( Fig. 3 ). This is often successful, but may require multiple treatments. Blood or iron transfusions may be indicated during the course of management, and surgery is reserved for refractory cases. New endoscopic techniques such as radiofrequency ablation are currently undergoing assessment.
Small intestine
Pseudo-obstruction
Small intestinal dysmotility leading to stasis of intestinal contents and dilation is referred to as pseudo-obstruction. A number of studies have reported decreased small intestinal motility with myopathic and neuropathic features in those with SSc (40-42), but serum peptides associated with motility were not different from controls as reported in one study (42) . Patients typically complain of bloating, distention, abdominal pain, nausea, and/or vomiting. Some may develop decreased or absent passage of stool and flatus. Small intestinal dysmotility seems to be quite common in patients with SSc. In an autopsy case series of greater than 50 patients published in 1969, atrophy or fibrosis was detected in the small intestine in 48% (12) . Of the 364 cases of SSc seen in the Cleveland Clinic between 1952 and 1969 only 36 patients had small bowel imaging, but 42% of these examinations were abnormal, most commonly with dilated duodenum (13) . Several studies have reported a significant increase in the orocecal transit time in SSc patients versus controls as measured by the lactulose breath test, essentially a surrogate for small intestinal transit (16, 43) .
The diagnosis of small intestinal pseudo-obstruction is confirmed with cross-sectional imaging that shows small intestinal dilation in the absence of a transition point that would indicate a mechanical obstruction. In addition, cross-sectional imaging in SSc does have some notable findings, including the "hide-bound" sign (increased number and crowded jejunal folds despite dilation), sacculations (outpouchings similar to diverticula), and benign pneumatosis intestinalis (discussed further below) (44) . Manometry or transit studies are typically not required.
Treatment of pseudo-obstruction depends on the acuity of the presentation and the severity of the symptoms. The acute onset of severe symptoms requires inpatient management, including bowel rest, intravenous hydration, correction of electrolyte abnormalities, and, oftentimes, nasogastric decompression. Prokinetics to stimulate motility and broadspectrum antibiotics to decrease the intestinal bacterial load are also employed routinely. In a small study of SSc patients symptomatic with small intestinal involvement but without SIBO, ocreotide provided significant relief from GI symptoms (composite score based on abdominal pain, nausea, vomiting, and bloating) and disturbed defecation (45) . In another small study, octreotide improved intestinal motility patterns and reduced the breath hydrogen scores, a marker of bacterial load (46) . Daily octreotide at bedtime or a monthly depot form of octreotide can be used to treat chronic pseudoobstruction in those responsive to prokinetics.
Small intestinal dysmotility may be complicated by bacterial overgrowth and malnutrition. Initially, this may be successfully treated with antibiotics as discussed below. In cases of refractory oral alimentation, SSc patients may benefit from a distal enteral feeding tube and a proximal decompression tube. If this approach is not effective, parenteral nutrition can be considered. Surgery should be avoided, but may be indicated in the event of bowel wall necrosis or perforation. It is important to distinguish true bowel wall necrosis from benign pneumatosis intestinalis, a finding of air within the bowel wall associated with a benign abdominal exam and stable vital signs. Benign pneumatosis intestinalis and benign pneumoperitoneum may be seen in SSc and should be treated conservatively (47, 48) . Rarely, affected short segments of bowel, such as symptomatic megaduodenum refractory to conservative therapies, have been treated successfully with surgery (49) .
Small intestinal bacterial overgrowth
The bacterial load of the small intestine is generally many magnitudes lower than that seen in the large intestine. This relative difference in bacterial abundance is maintained by multiple factors, but regular small intestinal motility is a key component. Thus, patients with SSc are at risk for small intestinal bacterial overgrowth (SIBO) due to dysmotility. Additionally, small bowel diverticula and, possibly, PPI use also may increase the risk in this population. SIBO likely causes symptoms in some because it interferes with the normal digestive and absorptive processes of the small intestine. Symptoms may include bloating, distention, discomfort, flatulence and diarrhea. Malnutrition and weight loss are severe complications of SIBO.
In several published studies that evaluated consecutive patients with SSc, the prevalence of SIBO was reported as 12%-55% (16, 43, (50) (51) (52) . In reviewing published studies that reported the results of testing for and treating SIBO in SSc, the prevalence was not higher among symptomatic patients (52, 53) than it was among consecutive patients who were asymptomatic (41, 43, 51) . A significant challenge in this area is the lack of a true gold-standard test for the diagnosis of SIBO. The most long-standing test is quantitative in vitro growth of a jejunal aspirate collected during upper endoscopy, but this test is limited by the inability to culture all bacterial species, and the risk of contamination during the collection procedure. Glucose or lactulose hydrogen breath tests (HBT) rely on bacterial metabolism of ingested substrates that are measured non-invasively in the exhalant. All of these tests require a threshold value for diagnosis to be designated along a spectrum of possible results. In a recent systematic review of the literature for published articles describing the diagnosis of SIBO in SSc, the glucose HBT was the only fully validated test, whereas jejunal culture, xylose and lactulose HBT, and 72-hour fecal fat test were partially validated (54) . In practice, it seems reasonable to empirically treat SSc patients for SIBO if there is suspicion as the pre-test probability is quite high and the diagnostic accuracy of available tests is somewhat suspect.
Antibiotics are the mainstay of therapy for SIBO. There is little in the way of direct evidence to recommend one antibiotic over another, but a variety of antibiotics with activity against GI bacteria seem to be relatively effective. These antibiotics include rifaximin, ciprofloxacin, and metronidazole, among others. Rifaximin and metronidazole, in particular, are attractive options as they do not seem to confer risk for Clostridium difficile infection as much as other antibiotics. In 5 separate published reports on the treatment of SIBO with antibiotics in a total of 292 SSc patients, the combined mean rate of eradication was 55% (41, 43, (51) (52) (53) . It should be noted that there was considerable heterogeneity among these studies in terms of the diagnostic tests and antibiotics employed. A general approach is to treat with one antibiotic for 10-14 days. If the initial antibiotic is ineffective, a second antibiotic can be tried. If patients exhibit a good response to antibiotics, then another course can be given in the future if symptoms return. If symptoms return soon after therapy, a rotating course of antibiotics can be used, where patients are treated for 10-14 days with one antibiotic in one month and then another antibiotic in the next month, and vice versa. In addition to antibiotics, small studies have reported some benefit from octreotide and probiotics for the treatment of SIBO in SSc (55, 56) .
As discussed above, refractory SIBO is seen in conjunction with severe dysmotility, and this condition can then be complicated by malnutrition and intestinal failure. In these difficult cases, rotating antibiotics plus prokinetic agents with or without probiotics are often combined prior to considering parenteral nutrition. In select cases, slow and constant jejunal tube feeding with gastroduodenal venting as needed can prevent the need for the parenteral route.
Diarrhea
Diarrhea is a symptom of a number of etiologies in patients with SSc as discussed throughout this review, including SIBO, malabsorption, overflow diarrhea due to fecal impaction, and medications. In a study of 90 patients from the German network for SSc, nearly 80% of patients had diarrhea during 1 year of follow-up (3). In a systematic review that commented on the adverse effects of methotrexate use in scleroderma, diarrhea was reported in 14% (57) . Also, PPI and antibiotics are frequently reported to cause diarrhea.
Colon and anorectum
Slow transit constipation
In SSc, constipation is often the result of slow colonic transit due to dysmotility, functional anorectal outlet obstruction due to neuropathy and myopathy, or adverse effects of medications. In rare cases, symptoms of constipation actually may develop from mechanical obstruction. Patients may report a variety of symptoms that they attribute to constipation, including infrequent bowel movements, hard stools, straining, a sense of incomplete evacuation, bloating, distention, discomfort or a need for manual maneuvers.
In a study involving 402 consecutive SSc patients in the UK who completed questionnaires during outpatient visits, about 50% reported constipation (1) . Constipation was reported by about 65% of the 90 SSc patients surveyed from the German network for SSc (3) . In an autopsy case series of greater than 50 SSc patients published in 1969, atrophy or fibrosis was detected in the large intestine in 39% (12) . In two separate studies, abnormal colon transit was reported in about 40% of consecutive SSc patients (58) and in a little over 50% of SSc patients with GI symptoms (40) . On imaging tests, particularly on barium enema, pathognomonic large-mouthed diverticula on the antimesenteric border of the colon may be seen, but this seems to be a relatively rare finding (13, 59) .
Empiric treatment with stool softeners and stimulant laxatives is reasonable in the SSc patient with constipation as long as alarm features are absent. If colonoscopy is indicated for colorectal cancer screening based on age (50+) or family history, this should be pursued initially. Colonoscopy also is an appropriate test for those who are refractory to medical therapy or in the face of alarm features such as rectal bleeding. Abdominal radiographs or cross-sectional imaging are used in the evaluation of those with acute onset of symptoms, significant pain, or other signs or symptoms of obstruction, and barium enema can also be employed to assess for structural problems. As discussed below, anorectal manometry should be utilized in those suspected of having functional anorectal outlet problems. If questions linger regarding the etiology of symptoms, a stool transit study can be used in certain cases, although this is generally not required. Also, it is important to consider the possible contribution of medications to constipation. For instance, narcotics and calcium-channel blockers that are used in SSc patients are known to contribute to constipation (60, 61) .
Initial treatments for constipation in SSc are similar to those recommended for the general population. Supplemental fiber is a reasonable first option in mild cases, although resulting bloating and flatulence may not be well tolerated. In more severe cases, supplemental fiber may be avoided due to concerns that it may cause impaction. Stool softeners, including polyethylene glycol and lactulose, are given to promote soft stool. Stimulant laxatives, including senna and bisacodyl, are used to promote a bowel movement and may be helpful particularly in the setting of early dysmotility. Oftentimes, a standing dose of a stool softener combined with an as-needed stimulant laxative will be effective. Several newer enterokinetic agents and intestinal secretagogues are demonstrated to be effective in those with refractory constipation (62), but these medications have not been specifically tested in SSc. Several prokinetic agents have shown benefit in small, uncontrolled trials, but these medications are not routinely used in clinical practice. Cisapride, a 5HT-4 agonist, improved colonic transit as measured by radionuclide test in patients with scleroderma, and 8 of 12 reported improvements in clinical symptoms of constipation (63) . Another 5HT-4 agonist, prucalopride, was reported to be effective for the treatment of slow transit constipation in two SSc patients who were refractory to laxatives and other prokinetic agents (64) .
A severe manifestation of colonic dysmotility, acute colonic pseudo-obstruction is an urgent medical problem that requires in-hospital care. Imaging is required to rule-out mechanical obstruction given the risk for perforation. Patients are treated with bowel rest, intravenous fluids, and correction of electrolyte imbalances. If enemas or manual disimpaction are ineffective, then neostigmine, a cholinesterase inhibitor that promotes colonic motility, can be safe and effective for treatment (65) . Rarely, colonic pseudo-obstruction can progress to megacolon requiring urgent surgical resection to prevent perforation (66) . Elective segmental surgical resection may be a good option for colon inertia related to segmental involvement, particularly when small intestinal motility and anorectal function are relatively normal (67) . Other severe complications reported in SSc patients include stenosis, volvulus, and stercoral ulceration (68) (69) (70) .
Anorectal dysfunction
Coordinated neuromuscular control of the anorectum is critical for defecation and the maintenance of continence, and this region is commonly affected in SSc. Patients may complain of constipation, a sensation of incomplete emptying, the need to use manual pressure to aid in defecating, or fecal incontinence. Overflow diarrhea may also occur where liquid stool passes around a solid stool impacted in the rectum. It is important to note that 1) patients will often not volunteer a personal history of fecal incontinence, and 2) fecal incontinence is more strongly associated with depressed mood than any of the other GI symptoms commonly reported (5) . So, the astute clinician will ask questions to uncover this condition in SSc patients.
As in other locations along the GI tract, neuropathy and myopathy combine to impact function. As discussed further below, SSc patients may show a characteristic pattern of diminished or absent recto-anal inhibitory reflex along with reduced anal sphincter resting and squeeze pressures associated with thinning of predominantly the internal anal sphincter muscles (71) . Interestingly, a few studies have reported that SSc-related autoantibodies may be directly involved in this disease manifestation. IgG antibodies from symptomatic patients with SSc, but not controls, attenuated bethenacolstimulated M(3)-muscarinic receptor-mediated activation of internal anal sphincter muscle tissue (72) . Pooled IgG from healthy controls when mixed with IgG from SSc patients prevented the subsequent inhibition of M(3)-R activation mediated by IgG from SSc patients (73) .
In a group of 90 patients with a diagnosis of SSc presenting for outpatient visits in Germany between 2005 and 2007, a little over 20% reported fecal incontinence on a GI symptoms questionnaire (3) . In another study involving 83 consecutive patients with SSc, 18% regularly needed digital stimulation or evacuation of the rectum and 38% had fecal incontinence (74) . In a study of 160 female patients with SSc, fecal incontinence was present in 40% and associated with a lower quality-of-life survey score (75) . Physiological testing suggested that some degree of anorectal abnormality may be present in the majority of SSc patients who did not report incontinence as well (76) .
In the appropriate setting, SSc patients with lower GI symptoms should be evaluated with colonoscopy, including those with a need for colorectal cancer screening based on age (50+) or family history, rectal bleeding, anemia, or, in some cases, pain and/or diarrhea. Imaging studies are employed when there is a need to evaluate for mechanical obstruction. In those SSc patients where functional anorectal problems are suspected, anorectal manometry with pudendal nerve latency testing is the confirmatory test, and characteristic findings in SSc include lower anal sphincter resting and squeezing pressures and diminished or absent rectoanal inhibitory reflex (76) (77) (78) (79) (80) . Anorectal ultrasound or pelvic MRI can be used to further assess the soft tissue structures, but these tests are not routinely indicated. In a study comparing SSc patients with incontinence, SSc patients without incontinence, and control patients with incontinence, it is interesting that SSc patients with incontinence had higher anal pressures than control patients with incontinence, and SSc patients with incontinence were much more likely than controls or SSc patients without incontinence to exhibit diminished rectal sensation and abnormal rectoanal inhibitory reflex (11) . These data suggest that neuropathic mechanisms contribute more to incontinence in SSc patients than in control patients where myopathy is primarily responsible, but it is noted that myopathic mechanisms contribute in SSc as well. Internal anal sphincter atrophy was present in SSc patients with incontinence but absent in control patients with incontinence, where the external anal sphincter predominantly was more affected (11, 81) . In addition, imaging modalities have consistently found atrophy of the internal anal sphincter in SSc patients (11, 76, 77, 81) .
The treatment of anorectal disorders can be quite challenging. Conservative measures to treat either liquid or hard stool constitute the first line of therapy, including the use of supplemental fiber or other stool softeners to promote soft stool. In refractory cases, sacral nerve stimulator or other surgical interventions can be considered. In one study where 4 of 5 women with SSC and incontinence improved with temporary sacral nerve stimulators, permanent stimulator placement reduced incontinence and urgency, improved quality of life, particularly social functioning, increased resting and squeezing anorectal pressures, and enhanced rectal sensitivity, all without any reported complications (82) . However, another study reported that 9 of 10 female SSc patients with passive fecal incontinence, internal anal sphincter atrophy and reduced resting pressure did not see a reduction in symptoms after treatment with a sacral nerve stimulator (83) . Surgical intervention also may be required in cases complicated by rectal prolapse (84) .
Patient-reported symptoms tools
As the vast majority of patients with SSc have GI-tract involvement and most have multiple affected GI organs often with overlapping symptoms, it is very challenging to quantify GI tract symptoms in SSc patients. Furthermore, the magnitude of GI tract symptoms may be poorly correlated with objective findings of disease involvement (35) . So, there is a need for a validated patient-reported instrument to assess GI tract symptoms in SSc.
The University of California Los Angeles Scleroderma Clinical Trial Consortium Gastrointestinal Tract 2.0 (UCLA SCTC-GIT 2.0) was developed, refined and validated for the assessment of symptoms across seven multi-item scales (reflux, distention/bloating, diarrhea, fecal soilage, constipation, emotional well-being and social functioning) in patients with SSc and is now available in multiple languages [contact the corresponding author Dinesh Khanna at khannad@umich.edu for further information] (85) . It can aid in the clinical care with helping with diagnosing and assessing severity of GI symptoms. Subsequently, minimally important differences estimates for the UCLA SSC-GIT 2.0 were reported that can be used to interpret symptoms scores in clinical trials (86) .
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